ABSTRACT Asthma is a chronic inflammatory disorder of the airways that is a major global burden on both individuals and healthcare systems. Despite guideline-directed treatment, a significant proportion of patients with asthma do not achieve control. This review focuses on the potential use of long-acting anticholinergics as bronchodilators in the treatment of asthma, with results published from clinical trials of glycopyrrolate, umeclidinium and tiotropium. The tiotropium clinical trial programme is the most advanced, with data available from a number of phase II and III studies of tiotropium as an add-on to inhaled corticosteroid maintenance therapy, with or without a long-acting β 2 -agonist, in patients across asthma severities. Recent studies using the Respimat Soft Mist inhaler have identified 5 µg once daily as the preferred dosing regimen, which has shown promising results in adults, adolescents and children with asthma. Tiotropium Respimat has recently been incorporated into the Global Initiative for Asthma 2015 treatment strategy as a recommended alternative therapy at steps 4 and 5 in adult patients with a history of exacerbations. The increasing availability of evidence from ongoing and future clinical trials will be beneficial in determining where long-acting anticholinergic agents fit in future treatment guidelines across a variety of patient populations and disease severities. @ERSpublications Anticholinergics as an add-on to current treatment options may address the current unmet need in asthma management http://ow.ly/TTi1E
Reality study and The Reality of Asthma Control study indicate that up to 49% and 53%, respectively, of adults receiving treatment have inadequately controlled asthma [10, 11] , and up to 64% of adolescent patients have asthma that is inadequately controlled by currently available therapies [12] . Because a significant proportion of patients have poorly controlled symptomatic asthma despite treatment according to current guidelines, it is important to appreciate the impact this has on patients' lifestyles as well as on healthcare resources and costs.
The impact of poorly controlled asthma Poorly controlled asthma places a burden on both patients and society. Worldwide, inadequately controlled asthma results in almost 14 million years of life lived annually in less than ideal health (lived with disability) [13] . Studies have shown that poorly controlled asthma also places a burden on healthcare systems and family finances [14] . For example, in the USA in 2007, there were 1.4 million asthma-related hospital outpatient department visits (0.6 million for adult patients and 0.8 million for paediatric patients) and 1.75 million asthma-related emergency department visits (1.11 million for adult patients and 0.64 million for paediatric patients) [15] . In addition, healthcare costs are greater with increasing asthma severity. Even higher total and asthma-related healthcare costs are attributed to asthma exacerbations [16] , which can occur in any asthma patient, are potentially life-threatening and may affect the disease course [17, 18] . While only an estimated 20% of asthma patients experience exacerbations that require emergency treatment or hospitalisation, these events account for over 80% of the total direct costs associated with asthma [19] . Hence, there is an ongoing need to maintain and improve the management of asthma. In addition, the overlap between asthma and chronic obstructive pulmonary disease (COPD) has been increasingly recognised [4] , with patients who demonstrate concomitant features of both diseases experiencing more frequent exacerbations [20, 21] and, therefore, requiring particular attention in order to optimise treatment.
Achieving asthma control
To manage asthma effectively and determine the need for additional treatment, it is important for physicians to ascertain the level of patients' disease control [22] , which involves the assessment of both symptom control and future risk of adverse outcomes [4] . Determination of the level of asthma control also includes rescue medication use and level of activity limitation [4] . Validated assessment scales, including the Asthma Control Questionnaire (ACQ) [23] , the Asthma Control Test (QualityMetric Incorporated, Lincoln, RI, USA) and the Asthma Quality of Life Questionnaire [24] , can be used to identify patients with poorly controlled asthma and to track patient progress. Adverse outcomes include: future risk of exacerbations, which may be predicted and possibly affected by previous incidence of exacerbations; persistent airflow limitation; poor inhaler technique; nonadherence to treatment regimens; medication side-effects; and factors such as concurrent smoking [4, 25] .
Considering the high proportion of patients with asthma who do not achieve control despite guideline-directed care, new treatment options are required to address the current unmet need in asthma management. The long-acting anticholinergic bronchodilator tiotropium bromide has recently been incorporated into the revised GINA 2015 strategy as an alternative add-on therapy at steps 4 and 5 in adult patients with a history of exacerbations [4] , indicating that long-acting anticholinergics provide an important treatment option.
Anticholinergics in the treatment of asthma
There has been a recent focus on the role of the neurotransmitter acetylcholine in the pathophysiology of asthma. The release of acetylcholine from parasympathetic nerves increases airway tone, contracts bronchial smooth muscle, and leads to mucus secretion and vasodilation, primarily via interaction with M3 muscarinic receptors, which are located in the human lung and on the airway ganglia, nerves, smooth muscle, mucous glands and pulmonary vascular endothelium [26] [27] [28] [29] . Inflammation of the airways also has an important pathophysiological role in asthma, and acetylcholine induces the release of pro-inflammatory mediators from bronchial epithelial cells and cells of the immune system, including macrophages, mast cells, monocytes, granulocytes, neutrophils and eosinophils [27, [30] [31] [32] .
Muscarinic antagonists compete with acetylcholine at the muscarinic receptors on airway smooth muscle to induce bronchodilation [28] , and have also been postulated to have anti-inflammatory actions by inhibiting the release of pro-inflammatory cytokines from epithelial and immune cells [30, 31] . Given these actions, there is a mechanistic rationale for the use of muscarinic antagonists in the treatment of poorly controlled asthma.
Short-acting anticholinergics
The short-acting anticholinergic agents ipratropium bromide and oxitropium bromide have been used in the treatment of asthma for several years, although they are considered to be less effective than short-acting β 2 -agonists (SABAs) in achieving acute bronchodilation, which, together with their short duration of action, limits their use as controllers in the treatment of asthma [28, [33] [34] [35] . However, there are data to suggest that treatment with short-acting anticholinergic and SABA combination therapy may provide a more effective option than treatment with SABAs alone, particularly in the acute setting [36] [37] [38] [39] [40] [41] .
Long-acting anticholinergics
Acknowledging the weaknesses of short-acting agents, there has been increasing interest in the use of longer-acting anticholinergic bronchodilators as controller medications in the treatment of asthma. Their prolonged duration of action relative to SABAs may provide an additional option in the treatment of asthma as an add-on to ICS alone or ICS plus LABA maintenance therapy. A number of publications related to randomised clinical trials of the long-acting anticholinergic agents glycopyrronium bromide, umeclidinium bromide and tiotropium bromide in patients with asthma were identified from recent literature, with ongoing trials listed on www.ClinicalTrials.gov.
Glycopyrrolate is an approved bronchodilator for the treatment of COPD in a number of countries worldwide, including in the European Union. In a small crossover study in 10 patients to test the potential utility of glycopyrrolate (delivered via the DeVilbiss nebuliser; DeVilbiss Healthcare, Somerset, PA, USA) in the treatment of asthma, glycopyrrolate was found to significantly prolong bronchodilation and bronchoprotection compared with both ipratropium and placebo [42] . Patient recruitment is currently ongoing for a phase II crossover study of glycopyrrolate add-on therapy in adult patients with mild or moderate asthma (www.ClinicalTrials.gov identifier NCT02296411), which will help to determine whether glycopyrrolate may provide an additional option for the treatment of asthma.
Umeclidinium is an approved maintenance bronchodilator for the treatment of COPD as both monotherapy and in combination with the LABA vilanterol. Recent phase II clinical trials have assessed the efficacy of umeclidinium as monotherapy and in combination therapy with ICS in adult patients with asthma. A double-blind crossover study of umeclidinium monotherapy in 350 patients with asthma found no conclusive therapeutic benefit following treatment with this medication in patients not receiving ICS (improvement in trough forced expiratory volume in 1 s (FEV1) compared with placebo: 11-88 mL), with no dose-ordered response or evidence of twice-daily dosing providing additional benefit over once-daily dosing [43] . However, the results of a double-blind crossover study in 421 patients with asthma suggest that ICS plus umeclidinium combination therapy provides a potential treatment option. Across all treatment periods, improvements in trough FEV1 (compared with ICS: 26-55 mL) and improvements in morning peak expiratory flow (PEF) (compared with ICS: 15.9-22.9 L·min ) were observed following combination therapy. Post hoc analyses demonstrated that the effects of ICS plus umeclidinium were greatest in patients with fixed airflow obstruction [44] . Following these promising initial results, future, long-term studies of umeclidinium combination therapy in the treatment of asthma with longer washout periods or alternative study design would be beneficial.
Tiotropium has been indicated for the treatment of COPD for over 10 years and has recently been approved for use in the treatment of asthma in adults in a number of countries worldwide, including the European Union, Japan and the USA, and is currently undergoing regulatory review in a number of countries. Tiotropium is recommended as an alternative add-on treatment option at GINA steps 4 and 5 in adult patients with a history of exacerbations [4] . Of the clinical trial programmes in long-acting anticholinergics, the tiotropium programme is currently the most advanced, with results published from a number of phase II and III studies of tiotropium as an add-on to ICS maintenance therapy, with or without a LABA, in patients across severities of asthma.
Tiotropium in the treatment of asthma
We present an overview of currently available data for tiotropium in asthma following a PubMed search (April 2015) using the search terms "tiotropium" and "asthma" with no date restrictions. This search was limited to clinical trials in humans with results published in English.
The first double-blind, placebo-controlled, crossover study in 12 male patients with mild atopic asthma evaluated single doses of tiotropium (10, 40 or 80 µg) from a dry-powder inhaler (Boehringer Ingelheim, Ingelheim am Rhein, Germany) and found mild bronchodilation and significant protection against methacholine challenge, which were maintained for up to 24 h [45] . Later studies were then performed using the Spiriva HandiHaler device (Boehringer Ingelheim Pharmaceuticals, Inc., Ridgefield, CT, USA), with more recent trials assessing the efficacy and safety of tiotropium delivered via the Respimat Soft Mist inhaler (Boehringer Ingelheim).
Tiotropium add-on therapy delivered via the Spiriva HandiHaler device in adult patients
Early proof-of-concept studies of tiotropium in asthma, delivered via the Spiriva HandiHaler device, indicated that tiotropium provides sustained bronchodilation and protection against bronchoconstriction induced by methacholine challenge. In a study of 10 asthmatic patients with mild or moderate airway hyperresponsiveness, tiotropium 18 µg provided significant protection against methacholine challenge 30 min after inhalation [46] . Once-daily tiotropium 18 µg, as an add-on to salmeterol therapy and combined with halving the ICS dose, provided significant improvements in lung function in a 4-week study of 26 patients with severe asthma; however, no significant change in mini-Asthma Quality of Life Questionnaire scores was observed [47] . When compared with oxitropium in a study of 44 patients with asthma, tiotropium 18 µg provided greater protection against methacholine-induced bronchoconstriction 60 min after inhalation [48] .
Further studies of tiotropium delivered via the Spiriva HandiHaler device were subsequently performed in selected patient populations. A study of 17 Japanese patients with severe persistent asthma demonstrated that tiotropium add-on to high-dose ICS, with or without a LABA, resulted in significant improvements in FEV1 (p=0.001), which correlated with sputum neutrophil levels and inversely correlated with sputum eosinophil levels [49] . In a study of once-daily tiotropium 18 µg add-on to high-dose ICS plus a LABA over 12 weeks in 138 Korean patients with severe persistent asthma, 30% of patients responded to tiotropium therapy (an increase in FEV1 of ⩾15% or ⩾200 mL for ⩾8 consecutive weeks) and pharmacogenetic analyses demonstrated that the presence of the Arg16Gly polymorphism at ADRB2 may predict response to tiotropium [50] .
The first well-powered clinical trial in a larger patient cohort was the Tiotropium Bromide as an Alternative to Increased Inhaled Corticosteroid in Patients Inadequately Controlled on a Lower Dose of Inhaled Corticosteroid (TALC) study (NCT00565266), which compared the efficacy of tiotropium 18 µg delivered via the Spiriva HandiHaler device as an add-on to ICS with doubling the dose of ICS (twice-daily beclomethasone 160 µg) and with twice-daily salmeterol 50 µg as an add-on to ICS in 210 patients with symptomatic asthma. Data showed that when added to ICS therapy, tiotropium improved lung function and symptom control compared with doubling the ICS dose (mean difference between tiotropium and doubling the ICS dose in morning PEF: 25.8 L·min , p<0.001; pre-bronchodilator FEV1: 100 mL, p=0.004; seven-question ACQ (ACQ-7): −0.18, p=0.02), and was noninferior to salmeterol [51] . A follow-up analysis of the TALC study data indicated that improved lung function, in terms of both FEV1 and morning PEF, following treatment with tiotropium was particularly apparent in patients with higher cholinergic tone, identified by a lower resting heart rate, and increased airway obstruction, which may help to inform future treatment decisions [52] .
Tiotropium add-on therapy delivered via the Respimat Soft Mist inhaler in adult patients
The TIOSPIR (Tiotropium Safety and Performance in Respimat) trial (NCT01126437) in 17 135 patients with COPD confirmed that the safety profiles of tiotropium 5 µg and 2.5 µg delivered via the Respimat inhaler (hereinafter referred to as tiotropium Respimat) were comparable with those of tiotropium 18 μg delivered via the Spiriva HandiHaler device [53] . A number of studies have now evaluated the efficacy of tiotropium Respimat compared with placebo, each as an add-on to usual care with at least ICS in patients with symptomatic asthma. An overview of published clinical trials of tiotropium Respimat in patients with asthma, and the associated key lung function results, is provided in table 1; the incidence of adverse events, serious adverse events and drug-related adverse events, which was comparable between treatment regimens within each trial, is presented in table 2. No deaths were reported in any asthma study.
Two companion proof-of-concept studies examined the role of tiotropium add-on therapy in patients with moderate or severe asthma. KERSTJENS et al. [54] compared the efficacy and safety of once-daily tiotropium 10 µg and 5 μg with placebo, each as an add-on to at least high-dose ICS plus a LABA (NCT00365560), in 107 patients with severe symptomatic asthma. Tiotropium significantly improved all measures of FEV1 (table 1) and forced vital capacity compared with placebo. These improvements were sustained over 24 h, with improvements also observed in PEF (table 1) , mini-Asthma Quality of Life Questionnaire scores and rescue medication use. Subgroup analyses demonstrated that the effects of tiotropium add-on therapy were independent of sex, FEV1 per cent predicted or reversibility at screening, smoking status, or asthma duration. The incidence of adverse events was comparable between treatment groups (table 2), although dry mouth occurred at a higher incidence in patients treated with tiotropium 10 µg [54] . A noninferiority study of B16-Arg/Arg patients with moderate symptomatic asthma (NCT00350207), in whom the efficacy and safety of LABAs have been questioned, found that once-daily tiotropium 5 µg was more efficacious than placebo in maintaining improved lung function as an add-on to ICS therapy (table 1). Tiotropium 5 µg was also found to be as efficacious as twice-daily salmeterol 50 µg; the B16-Arg/Arg phenotype has been shown to have no influence on responses to salmeterol add-on therapy in asthmatic patients. There was a slight numerical decrease in rescue medication use (compared with placebo: −0.368 puffs per day over 24 h, p=0.146) and a slight numerical increase in the number of asthma symptom-free days (compared with placebo: 0.108 days, p=0.639) with tiotropium. Furthermore, the frequency of adverse events was similar across treatment groups, although the incidence of nasopharyngitis was higher in the placebo group [55] .
The optimal tiotropium treatment regimen for patients with asthma was examined in two phase II studies. The first of these studies, a dose-ranging, crossover study of once-daily tiotropium 5, 2.5 and 1.25 μg as an add-on to medium-dose ICS in 149 adults with moderate asthma (NCT01233284), identified 5 µg as the optimum therapeutic dose. A statistically significant improvement in most measures of lung function was observed following tiotropium add-on therapy compared with placebo (table 1) , with the 5-µg dose being consistently associated with the largest improvements. Statistically significant improvements in ACQ-7 scores were also observed (compared with placebo: 5 µg, −0.235 ( p<0.0001); 2.5 µg, −0.158 ( p=0.0043); 1.25 µg, −0.190 ( p=0.0006)), and adverse events were comparable between treatment groups (table 2) [56] . The second study was a crossover, dose-determination study in 182 adults with moderate asthma (NCT01152450), which confirmed once-daily 5 µg as an appropriate dosing regimen. Both once-daily 5 µg and twice-daily 2.5 µg provided significant and comparable 24-h bronchodilation (compared with placebo: once-daily 5 µg, 158 mL; twice-daily 2.5 µg, 149 mL (both p<0.01)), with improvements in peak FEV1, trough FEV1, and morning and evening PEF that were also statistically significant with both dosing regimens (table 1) . Tiotropium add-on therapy significantly improved mean ACQ-7 score (compared with placebo: once-daily 5 µg, −0.274 ( p<0.01); twice-daily 2.5 µg, −0.190 ( p<0.01)) and adverse events were comparable between all treatment regimens (table 2) [57] .
Subsequent phase III, randomised, double-blind, placebo-controlled, parallel-group trials of once-daily tiotropium add-on to at least ICS maintenance therapy have been performed in adult patients across all severities of symptomatic asthma. In two replicate trials (NCT00772538 and NCT00776984), 912 patients with severe symptomatic asthma received tiotropium 5 µg or placebo as an add-on to high-dose ICS plus a LABA over 48 weeks. Tiotropium significantly improved lung function (table 1 and figure 1) , and increased the time to both the first severe asthma exacerbation (hazard ratio 0.79, p=0.03) and the first episode of asthma worsening (hazard ratio 0.69, p<0.001). Improvements in asthma control and quality of life were also observed, and the incidence of adverse events (table 2) was comparable between treatment groups, with only allergic rhinitis occurring significantly more frequently in the tiotropium treatment group; asthma events and insomnia were significantly more common in the placebo group [58] . Results from two replicate, double-dummy trials in 2103 patients with moderate symptomatic asthma despite treatment with medium-dose ICS (NCT01172808 and NCT01172821) have recently been published. Patients received once-daily tiotropium 5 or 2.5 µg, twice-daily salmeterol 50 µg (delivered via a hydrofluoroalkane metered-dose inhaler), or matching placebo for 24 weeks. Tiotropium provided significant improvements in lung function (table 1 and figure 2 ) compared with placebo, with the improvements in peak FEV1 maintained over 24 h in a subset of patients who underwent additional spirometric assessment. Significant improvements in asthma control were observed, as assessed by ACQ-7 responder rate (5 μg: OR 1.32, p=0.035; 2.5 μg: OR 1.33, p=0.031), with a reduced risk of first severe asthma exacerbation or first episode of asthma worsening following tiotropium add-on therapy. Patterns of response with both tiotropium doses were similar to those seen with salmeterol, and the incidence of adverse events was comparable between all treatment groups (table 2) [59] . Data are presented as n (%). All analyses performed on the treated set. AE: adverse event.
# : phase II study in adults with severe asthma; ¶ : phase II study in adults with moderate asthma; + : phase III study in adults with severe asthma; § : phase III study in adults with moderate asthma.
Tiotropium add-on therapy delivered via the Respimat Soft Mist inhaler in paediatric patients
The results of the first studies of tiotropium add-on therapy in paediatric patients with moderate asthma are now available. In the first phase II, randomised, double-blind, incomplete crossover study in 105 adolescent patients aged 12-17 years with moderate symptomatic asthma, patients received once-daily tiotropium 5, 2.5 or 1.25 µg, or placebo, each as an add-on to medium-dose ICS, with or without a leukotriene modifier (NCT01122680). Once-daily tiotropium add-on therapy improved lung function, compared with placebo, with the 5-µg dose providing the greatest improvements at most end-points, including peak FEV1 (compared with placebo: 113 mL, p=0.004), trough FEV1 (compared with placebo: 151 mL, p<0.0001), morning PEF (compared with placebo: 13.2 L·min −1 , p<0.05) and evening PEF (compared with placebo: 17.1 L·min −1 , p=0.0031). Exploratory analyses of adjusted mean ACQ-7 score demonstrated similar improvements in asthma control in all treatment groups. There was a slightly higher rate of adverse events in the tiotropium 5 μg group (22.5%), compared with 13.3%, 17.3% and 13.3% in the tiotropium 2.5 µg, tiotropium 1.25 µg and placebo treatment groups, respectively, due to a marginally increased number of patients with asthma, rhinitis, sinusitis and gastroenteritis [60] . A second phase II study with an identical study design was performed in 101 children aged 6-11 years with moderate symptomatic asthma. Statistically significant improvements in all measures of FEV1 and forced expiratory flow between 25% and 75% of forced vital capacity were observed with all tiotropium doses. Improvements in morning PEF were also significant with all doses, while improvements in evening PEF was significant with the 5-µg dose only (17 L·min −1 , p=0.0024). Trends for improvement in both asthma control and quality of life were observed following tiotropium add-on therapy, although these were not significant. The incidence of adverse events was comparable across all treatment groups [61] . Further phase II and III studies of tiotropium are ongoing in both adolescents and children with varying severities of symptomatic asthma, to determine whether tiotropium add-on therapy may also help to address the current unmet need in paediatric asthma patients.
Real-life evidence of tiotropium add-on therapy in asthma The current body of clinical trial evidence suggests that tiotropium provides an efficacious add-on to at least ICS maintenance therapy in patients with asthma, with balanced safety and tolerability compared with placebo. It is also important to determine the therapeutic effectiveness of new treatment options in real-life populations, settings and durations to complement clinical trial data. Although established standards for real-life studies are not yet available, the appropriateness and quality of the study design, analyses and reporting, and the discussion of results, are important considerations in the interpretation of data [62] .
A retrospective study of data from a real-life UK asthma population of 2042 patients showed that the addition of tiotropium therapy, either 18 µg via the Spiriva HandiHaler device (93%) or 5 µg via the Respimat Soft Mist inhaler (7%), was associated with significant decreases in the incidence of exacerbations and antibiotic prescriptions for lower respiratory tract infections, and a significant increase in asthma control in the year following subscription. Findings showed that primary care physicians in the UK have been prescribing long-acting anticholinergics for the treatment of asthma since 2002, predominantly as an add-on therapy in older patients with poorly controlled asthma despite good treatment compliance, particularly in those who are current or former smokers [63] . Similarly, in a second retrospective study of real-life data from 64 patients with severe asthma in Turkey, tiotropium add-on to high-dose ICS plus LABA therapy was found to significantly improve the percentage of patients with uncontrolled asthma, the number of emergency department visits, the number of hospitalisations and lung function, in addition to significant decreases in ICS dose, oral corticosteroid use and antibiotics for upper respiratory tract disease [64] . Both studies were well designed, with results consistent with those from randomised clinical trials of tiotropium in asthma. Further real-life studies of longer duration, with larger patient numbers and across broader patient populations, will be beneficial to provide valuable data on the efficacy and safety of tiotropium in patients with asthma.
Cost-effectiveness is an important consideration in relation to incorporating new treatment options into practice and determining their relative place in therapeutic strategies. The first modelled analysis of the cost-effectiveness of tiotropium add-on therapy, from the perspective of the UK National Health Service, was performed by WILLSON et al. [65] using data from the two trials in adult patients with severe asthma (NCT00772538 and NCT00776984); tiotropium Respimat was found to provide a cost-effective treatment option for patients with severe symptomatic asthma despite treatment with high-dose ICS plus LABA therapy. Further cost-effectiveness analyses across different age ranges and severities of asthma may help to determine the extent to which tiotropium add-on therapy provides an affordable treatment option to help address current unmet needs in asthma treatment.
Summary and conclusions
A significant proportion of patients with asthma do not achieve control despite treatment with ICS alone or in combination with a LABA. Studies of long-acting anticholinergic bronchodilators as controller medications in the treatment of asthma are currently ongoing, with published results from clinical trials of glycopyrrolate, umeclidinium and tiotropium in asthma. Further data are needed to provide more evidence on glycopyrrolate and umeclidinium as potential treatment options. Data are now available from a number of studies of tiotropium as an add-on to at least ICS maintenance therapy across severities of symptomatic asthma in both adult and paediatric patients.
Long-acting anticholinergics were not included in recommended asthma treatment guidelines until 2015; however, tiotropium Respimat has recently been incorporated into the GINA strategy as an alternative add-on treatment option at steps 4 and 5 in adult patients with a history of exacerbations [4] . The benefit/ risk ratio of ICS therapy has been shown to decrease at high ICS doses [66, 67] and the addition of tiotropium is therefore likely to provide an alternative to increasing the ICS dose at GINA step 4, and before introducing more complex and costly alternatives at GINA step 5, such as anti-IgE or bronchial thermoplasty. In patients with less severe disease, tiotropium may also offer an alternative add-on therapy in patients where LABAs are not well tolerated, pose a higher risk of adverse events or are ineffective [68] .
Head-to-head studies may also be helpful in determining the comparative efficacy of tiotropium in relation to other add-on treatment options. Although it has been suggested that anticholinergics may provide the most benefit in older patients, in patients with allergic asthma or nocturnal asthma, or in smokers or obese patients who are corticosteroid-resistant, this will require further investigation [28, [69] [70] [71] [72] [73] .
In conclusion, ongoing and further studies of tiotropium add-on therapy, particularly in children and adolescents, as well as publication of phase II and III studies of emerging therapeutic options such as glycopyrrolate and umeclidinium, will provide direction on the use of anticholinergics in the treatment of asthma. Additional real-life studies involving patients of different ages with a range of demographics, including differing ethnicities, concomitant diagnoses and concurrent smoking, would also help to improve individual patient management [74] .
